The incidence and severity of postinjury multiple organ failure (MOF) has decreased over the last decade.
M
ULTIPLE ORGAN FAILure (MOF) remains a major source of postinjury morbidity and the leading cause of inhospital mortality despite more than 25 years of intense investigation. 1, 2 The current pathophysiologic model of MOF focuses on uncontrolled systemic hyperinflammation as a unifying concept following a variety of insults. [3] [4] [5] Thus, therapeutic strategies aimed at decreasing postinjury morbidity have targeted systemic hyperinflammation as a means to control associated organ dysfunction and progression to organ failure. Examples include damage control surgery, recognition of abdominal compartment syndrome, lung protective ventilation strategies, and tight glucose level control. [6] [7] [8] [9] The incidence of postinjury MOF has been reported to be between 7% and 66% with an associated mortality rate between 31% and 80%. [10] [11] [12] [13] [14] It has been suggested that MOF is disappearing owing to advances in trauma and critical care 15 ; however, recent reports have not demonstrated a consistent change in either the incidence or the mortality rate associated with postinjury MOF. Some groups have reported no change in the incidence but a decreased mortality 13 while others have reported both decreased incidence and mortality compared with historical control subjects. 14, 16 The disparity reported in the literature is in part owing to different populations studied in relatively short study intervals. Consequently, an accurate estimation of the current risk of postinjury MOF and a description of clinical outcome remains to be established.
In 1987, we developed an MOF scale as a descriptive end point for clinical studies. 17 Since 1992, we have prospectively collected clinical data on patients at risk for postinjury MOF for the first 28 postinjury days. We designed this study to characterize the changes in postinjury MOF presentation, risk factors, and clinical outcome in a homogeneous trauma population over time. We hypothesized that the incidence and severity of postinjury MOF has decreased over the last decade as a result of advances in trauma and critical care.
METHODS
Trauma patients admitted to the Rocky Mountain Regional Trauma Center's surgical intensive care unit (ICU), Denver Health Medical Center, Denver, Colo, were studied prospectively from May 10, 1992 , until December 31, 2003 . The Denver Health Medical Center is a state-designated level I trauma center verified by the American College of Surgeons' Committee on Trauma. Inclusion criteria were an Injury Severity Score exceeding 15, survival for longer than 48 hours after injury, admission to the surgical ICU within 24 hours of injury, and aged 15 years or older. Patients with isolated head injuries and head injuries with an external or extremity Abbreviated Injury Score less than 2 were excluded from this study.
Daily physiologic and laboratory data were collected through surgical ICU day 28 and clinical events were recorded thereafter until death or hospital discharge. Data collection and storage processes are in compliance with Health Insurance Portability and Accountability Act regulations and have been approved by our institutional review board. The database is maintained on an IBM-compatible personal computer using Microsoft Access 97 (Microsoft Corp, Redmond, Wash).
Organ dysfunction is defined using the Denver MOF scoring system. [17] [18] [19] In brief, 4 organ systems (pulmonary, hepatic, renal, and cardiac) are evaluated daily throughout the patient's ICU stay and organ dysfunction is graded on a scale from 0 (best) to 3 (worse) ( Table 1) . The pulmonary score has been simplified to assign a dysfunction grade based on the PaO 2 -fraction of inspired oxygen ratio. 20 The values that determine the division points have been adjusted for altitude by multiplication of the value by the ratio of atmospheric pressure in Denver to that at sea level (630 mm Hg/760 mm Hg, respectively). The MOF score is calculated as the sum of the simultaneously obtained individual organ scores on each hospital day. Single organ failure is defined as an organ failure grade greater than 0 and MOF is defined as a total score of 4 or more occurring 48 hours after injury. 18 Postinjury day 0 was defined as the first 24 hours following injury.
The annual incidence of MOF was defined as the number of patients who developed MOF relative to the number of patients at risk for MOF in a calendar year. The maximum MOF score was defined as the maximum score calculated using the Denver MOF scale during the first 28 postinjury days. 21 The number of MOF free days was defined as the total number of days in which the calculated MOF score was less than 4 subtracted from 28. The MOF score on the day of death was carried out to day 28 for those patients who died within 28 days after injury. The ICU length of stay was defined as the difference between the date of injury and the date of ICU discharge or transfer to a non-ICU acute care facility. Multiple organ failure-related mortality was defined as the number of patients with MOF who died while MOF-specific mortality was defined as those whose cause of death was attributable to MOF. Cause of death was determined from the patient's medical record and death certificate.
Statistical analyses were performed using SAS for Windows (SAS Institute, Cary, NC). Categorical variables were analyzed using a 2 test with the Yates correction for continuity or the Fisher exact test when expected cell values were less than 5. For continuous variables with normal distribution, analysis of variance, or t tests (with the appropriate Welch modification when the assumption of equal variances did not hold) were used. Multivariate analyses were performed using logistic regression for categorical outcome variables and standard linear regression for continuous numeric variables. Study year was used as an independent variable to examine the changes in outcome variables over time with 1992 defined as year 1. Continuous data are reported as mean±SD unless otherwise noted. PϽ.05 was considered statistically significant.
RESULTS
Data were collected on 1344 severely injured patients over a 12-year period ending December 31, 2003 . The distribution of patients with and without MOF according to study year is shown in Figure 1 . Most (975 [73%]) were male, and the mean age was 37.5±16.5 years (Figure 2) . Blunt, penetrating, and mixed mechanisms accounted for 1013 (75%), 235 (17%), and 96 (7%) injuries, respectively, with an overall mean Injury Severity Score (ISS) of 29.3±11.2 (Figure 3) . Multiple organ failure developed in 339 patients (25%); 112 (8%) died. Ninety (26%) of 342 patients in whom MOF developed died. The unadjusted incidence of MOF and mortality did not change over the study period (P = .32 and P = .45, respectively) ( Figure 4 ).
Changes in previously identified MOF risk factors (age Ͼ55 years, ISS Ͼ24, and Ͼ6 U of red blood cells transfused within 12 hours of injury) were examined over the study period. 19, 22, 23 There was a significant increase in both the annual mean age (␤=.33, P=.01) and the proportion of at-risk patients older than 55 years (odds ratio [OR], 1.06; 95% confidence interval [CI], 1.01-1.11; P=.01) during the study period ( Figure 5 ). Similarly, there was a significant increase in the annual mean ISS (␤ = .58, PϽ.001) and the proportion of patients with an ISS higher than 24 (OR, 1.11; 95% CI, 1.07-1.14; PϽ.001; Figure 6 ). In contrast, the annual mean number of 12-hour blood transfusions decreased (␤=−.14; P=.049) as did the proportion of patients who received more than 6 U of blood within 12 hours of injury (OR, 0.96; 95% CI, 0.92-0.99; P=.04; Figure 7) . The decrease in blood use over time remained statistically significant after adjusting for age and ISS (mean number of units 12-hour red blood cells; ␤=−.20, P=.006, Ͼ6 U of red blood cells in 12 hours: OR, 0.94; 95% CI, 0.90-0.98; P = .003). Indeed, after adjusting for age and ISS, the patients admitted in 1992 were 1.5 times more likely to receive more than 6 U of red blood cells within the first 12 hours after injury than the patients admitted in 2002.
After adjusting for these risk factors, we found there was a significant decrease in the incidence of MOF. The results of the multiple logistic regression adjusting MOF incidence for age, ISS, and 12-hour blood transfusion after injury (as continuous or categorical values) is given in Table 2 . Regardless of the confounding variable formats, MOF incidence in 1992 was almost twice (OR per 10 years=1.8) the rate observed after 2002. The goodnessof-fit of the models using continuous and categorical formats was similar with a slight advantage for the continuous variables model. Although the interaction between ISS and time was not significant (P=.12), the time reduction seemed to be more pronounced among patients with an ISS higher than 40 after adjusting for patient age and blood transfusion received during resuscitation (Figure 8) .
Next we compared the ORs associated with the risk factors we previously identified for postinjury MOF in the first 12 hours after injury in the first 5 years with the association observed in the second half of the study period ( Table 3 ). All factors remained highly predictive of MOF, but the association between an ISS greater than 24 and MOF became less strong in the second half, further suggesting that the effect of injury severity on the development of MOF decreased over time.
The degree of postinjury MOF was assessed by examining the maximum daily MOF score and the number of MOF free days in the first 28 days after injury. Among the patients with MOF, there was a significant decrease in the annual maximum daily MOF score (␤ = −.15, PϽ.001) after adjusting for patient age, ISS, and amount of red blood transfused during resuscitation (Figure 9) . There was also a significant increase in the annual MOF free days (␤=.44, P=.006) after adjusting for age, ISS, and 12-hour RBC transfusion (Figure 10) . The surgical ICU length of stay among patients with MOF did not change over time after adjusting for age, ISS, death, and the presence of a head injury (␤=.49, P=.08).
Finally, MOF as a cause of death was examined over the study period. Overall, 112 of 1244 patients died (mortality rate 8%) and 90 of 339 MOF patients died (MOFrelated mortality rate, 27%). Of the 112 patients who died, 57 patients (51%) died of MOF, 26 (23%) died of severe head injury, 25 (22%) had care withdrawn, and 4 (4%) died of other causes (2 of pulmonary embolus, 1 of acute myocardial hemorrhage, and 1 of a bleeding gastric ulcer). The overall and MOF-related mortality rates did not change over the study period even after adjusting for patient age, ISS, 12-hour red blood cell transfusion after injury, mechanism, and the presence of head injury. However, the annual proportion of patients who died of MOF decreased significantly (Figure 11) after adjusting for age, ISS, 12-hour red blood cell transfusion after injury, mechanism of injury, and the presence of head injury (OR, 0.90; 95% CI, 0.83-0.97; P = .001).
COMMENT
Disparities in study design have made interpretation of the postinjury MOF literature difficult with respect to changes in MOF presentation and outcome over time. In 1987, we developed an MOF scale to characterize organ dysfunction following injury. 17 This scale was used consistently throughout this study period and has been used to identify risk factors and develop predictive models of postinjury MOF. 18, 19, 24 We enrolled patients at risk for postinjury MOF into this prospective study since 1992. In concert with other studies, we found that most patients in this population were male (73%) victims of blunt trauma (83%). Our study population limited to those patients with an ISS exceeding 15 demonstrated an overall MOF incidence (25%), mortality rate (8%), and MOFrelated mortality rate (26%). The present study has confirmed that age, injury severity, and the use of blood transfusion during resuscitation are significant risk factors for postinjury MOF. Over the 12-year study period, we found an increase in both patient age and injury severity. The increase in age is expected considering the aging of the US population and projected change in the general surgery patient population. 25, 26 The increase in injury severity may be explained by our ongoing efforts to serve as the Rocky Mountain Regional Trauma Center. As a result, our hospital has experienced an increased number of trauma admissions over the past several years. 27 Increases in both age and injury severity would be expected to be associated with an increase in the incidence of MOF. In contrast, the use of blood transfusion during resuscitation decreased during the study period. Blood transfusion was recognized as a consistent early risk factor for postinjury MOF independent of other indices of shock in 1997 and has since been reported to be a major contributing factor to worse outcomes in trauma and critical illness. 24, [28] [29] [30] [31] These findings have prompted more judicious use of blood transfusion during resuscitation and in the postresuscitation surgical ICU setting. 32, 33 In this study we found a decrease in both the number of units of blood transfused and the proportion of patients receiving more than 6 U of packed red blood cells during resuscitation. The changes in the risk factor distribution among the at-risk patient population also had an effect on our previously developed predictive model of postinjury MOF. 23 Both age and injury severity had less influence on the conditional probability of developing MOF in the patients admitted in the first half of the study period compared with those admitted during the second. In contrast, the influence of blood transfusion during resuscitation was greater during the second half of the study. These findings further support a change in the presentation of MOF over the last decade and warrant a reevaluation of MOF risk factors in the context of current trauma and surgical ICU care.
The purpose of this study was to characterize the changes in MOF incidence and its risk factors over 12 years using an accepted MOF definition uniformly applied to a homogeneous trauma population. The primary end points of this study were MOF incidence and measures of MOF severity. Although the incidence of MOF in the population as a whole did not change, there was a decreased incidence among the more severely injured after adjusting for age and for receiving a blood transfusion. These findings are encouraging because there appears to be progress in preventing progression of MOF in the population at highest risk. Moreover, indices of MOF severity improved over the study period with a decrease in the maximum daily MOF score and an increase in the number of MOF free days. The overall surgical ICU length of stay and mortality rate did not change which may be reflective of the underlying severity of injury. However, death due to MOF decreased with a commensurate increase in death due to severe head injury or following withdrawal of care. We believe that this represents an improved ability to support patients who would have otherwise succumbed to MOF only to realize the full potential of the underlying injury. Alternatively, this may represent earlier recognition of futile care by both the patient's representative and the critical care team.
CONCLUSIONS
We have found a decrease in the incidence of postinjury MOF among the most severely injured and an overall improvement in the indices of MOF severity over the last 12 years. Of the risk factors studied, only reduction in blood transfusion during the resuscitation period correlated with improvement in outcome. Several other major advances in trauma and critical care also occurred over the last decade that may have influenced our results. The concept of damage control surgery, which appeared in the late 1980s and matured during the 1990s, is widely accepted and applied in a variety of situations including thoracic, abdominal, and vascular injuries, as well as for orthopedic and neurologic trauma. [34] [35] [36] [37] [38] [39] Recognition of abdominal compartment syndrome and decompressive laparotomy also emerged during the 1990s. 6, 40 Improvements in respiratory support such as lung protective ventilation decreased ventilator-induced lung injury and improved outcome following adult respiratory distress syndrome. 7, 41 The use of intensive insulin therapy, described in 2001, was shown to reduce morbidity and mortality in the critically ill including patients with postinjury MOF. 9 More recently, cortisol replacement therapy for acute adrenal insufficiency has been shown to improve the outcome in the critically ill. 42, 43 Each of these advances has influenced our approach to trauma and critical care although the relative effect of any one advance on postinjury MOF outcome awaits further study. Nevertheless, our prospectively collected patient data indicate a substantial reduction in the incidence and severity of MOF following severe injury over the last decade. to be fading out? In our original study of 553 patients, renal failure was the trigger that told us when patients were going to die. Is renal failure the seminal event that predicts the death of these patients or is that no longer valid? Finally, I would amplify what Dr Pruitt asked. You have said nothing in the entire presentation about infection or about nosocomial infection. During this period where you identified improved outcomes in these patients, has the frequency of major infectious events in these patients changed? Does infection have anything to do with organ failure? Do our patients die of infection or are they dying with infection? Dr Moore: I am glad that Dr Fry has not given up on his focus of infection as a driving force. These are interesting questions to address in our database. The issue about stress gastritis is timely. We have not seen it for decades either, but just 2 days ago a multisystem trauma patient bled massively from classic stress gastritis. The presentation is considerably different when you look at early vs late MOF; late MOF is typically triggered by infection and is associated with more profound renal and hepatic failure. In contrast, early MOF is virtually always precipitated by ARDS.
Gregory Jurkovich, MD, Seattle, Wash: Briefly, can the Denver MOF score be influenced by resuscitation strategies? Two of the factors look like they are pretty physiologically based, renal factor, and the liver factor, but can the pulmonary status and the use ofinotropes simply be altered by the type of resuscitation strategies that you are practicing, and that the results shown today reflect changes in resuscitation strategies? Dr Moore: In terms of the MOF score, perhaps the weakest parameter is the cardiac component. But reported alternative methods do not appear to improve scoring.
Juan A. Asensio, MD, Los Angeles: Dr Moore, during the beginnings of the decade of the 1990s, when we knew very little as to when to institute damage control and just bailed out at the very last minute, you could almost predict which were the patients who would develop MOF. As better indicators to predict when damage control have emerged, we have seen a decrease in the incidence of MOF. I do not know if that is what you have seen. From information culled from your database, can you or have you looked at patients who underwent damage control in the early period vs the later period when damage control is instituted much earlier to see if there is a decreasing incidence of MOF.
Dr Moore: The fact that we have implemented damage control surgery over this period has salvaged patients who clearly would have died 10 years ago. So actually, we have increased the at-risk group because of damage control. On the other side, more recently, we have recognized that the abdominal compartment syndrome associated with damage control can precipitate MOF. 
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